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ADVERTISEMENT. |} 


Short ANALYSI 


the following one, for 


may want ſuch a help to their memory. 
But my intention being to make it as conciſe i 
as poſſible, I beg leave to refer thoſe who i 
chooſe to have the Lectures at large, toge- iſ 
ther with accurate Plates of the Apparatus 
on which they are read, to my two Books *, 
printed for, and fold by Mr. MiLLAB, Book- iſ 
ſeller, in the Strand, London. 


* 1. LECTURES on SerecT SuBJECTs in 
Mechanics, Hydroſtatics, Pneumatics, and Optics; 
with the Uſe of the Globes, 
the Calculation of the mean Times o 


Moons and Eclipſes. 
2. ASTRONOMY e 
NewrToN's Princples, and 


s of my LECTURES 


the uſe of thoſe who 


xplained upon Sir IsaAac 


| made eaſy to thoſe wha 
have not ſtudied Mathematics. 5 


N. B. In this Book, the method of calculating the 


true Times of New and Full Moons and Eclipſes 18 


explained, 
A 


* 


q. 


171 


the A of Diat ng , and i 
f New and Full 


3 
V5; 
* 
3 
$/ 


| having been call'd for by ſeveral Per- 


ſons who attended them, I have drawn up 
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| . be ſells for Two Spillings. 
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2 N TY . in or near London, may have 
this Courſe of Lectures read at bis Houſs, for 


Twelve Guineas, or any fingle Lecture for One Guinea, 
over and above the charge of carrying the Apparatus. 


Or, . if taventy perſons ſubſeribe a Guinea each, they 


may have the whole Courſe read, any where in Lon- 


bn, or within ten Miles of it, —Greater aiflances 
/ equi re larger Subſcriptions. 


De Author teaches the Uſe of the Glabes's na Month, 
attending one Hour every Day (Sunday excepted ) for 


Tuo Guineas at home; or Four Guineas abroad, if not 


more than a Mile from his houſe. ' Thoſe who are taught 


| 3 abroad provide Globes for themſelves. — He alſo teaches 


practical Geometry by the Scale and Compaſles, the 
- Conſtruction of Maps, the Projection of the Sphere, the 
mem of Dialing, and the Calculation of New and 
Full Moons and Eclipſes; on tbe ſame Terms. 


His ASTRONOMICAL'ROTULA, Jhewing 
the Day of the Month, Change and Age of the Moon, 
' tbe Places of the Sun ad Moon in the Echptic, with 
the Times of all the Eclipſes of the Sun and Moon, 


From A. D. 1752 10 A. PD. 1800, e at his Houſe 
ich Five Shillings and Six- 


ence. 
| Likewiſe, bis NEW W. ONOMICAL 
'INSTRUMEN T, ſhewing all the above problems 


| © except the Eclipſes, and inſtead of tbem the Riſing, 
8 Southing, and Setting of the Sun, Moon and Stars, in 
A the Latitude of London, is ſold at the ſame Price. | 


And, his LUMINARIUM, @ ſmall Inſtrument 
(about the fize of a common card) "ſolving all the above 
problems, except thoſe relating to the Stars and Eclip- 
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COURSE of LECTURES. 


LECTURE I. 
On MECHANICS. 


| HEN two bodies are ſuſpended upon any 

k * machine or engine, ſo as to act againſt one 

another, if the engine be put into motion, 

and the perpendicular aſcent of one body be to the 

perpendicular decent of the other in the inverſe ratio 

of their weights, they will balance or ſupport each 
other. 

Upon this principle, the force, power, or advan- 

tage of any machine, whether imple or compound, 

is eafily computed: for it is always as much. as the 
velocity of the power applied to work the machine 
is greater than the velocity of the weight to be raiſed, 
or the reſiſtance to be overcome: proper allowance 
being made for friction. 

I be machines whereby power is gained, are called 
mec bunical powers, They are fix in number, vig. the 
lever, the wheel and axle, the pulley, or rather ſyſtem 
of pullies, the inclined plane, the wedge, and the 
/crew,—Of theſe, all forts of mechanical engines do 

conſiſt: and in treating of them, ſo as to ſettle their 

Theory, we conſider them as mathematically exact 

and perfect, and moving without Friction. 

A lever 1s a bar, turning upon a prop or center of 
motion; and is uſed either to raiſe weights, or to over- 
come reſiſtances. There are three kinds of levers; | 
and in each of them the velocity of each point is di 
oy. as ite diſtance from the prop. 
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the power and weight balance each other, when the 


from a lever of the firſt kind : Its power is the ſame, 


each other, when the power is in proportion to the 
& weight, as the circumference of the axle is to the 


| principal part in a common crane. : 1 


vantage thereto. 


A lever is ſaid to be of the firſt kind, when the 
prop is between the weight and the power. — Here, 


power is in proportion to the weight, as the diſtance 
of the weight from the prop is to the diſtance of the 
power from it. Of this ſort are our iron crows, 
ſciſſars, pincers, ſnuffers, and the like. 

A lever is ſaid to be of the ſecond kind, when the 
weight is between the prop and the power. Here, 
the power and weight balance each other, when the 
power is in proportion to the weight, as the diſtance 
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of the weight (or reſiſtance) from the prop is to the 


diſtance of the power from it. C this ſort are doors 
turning on hinges, rudders of ſhips, _oars, and ſuch 


cutting knives as are fixed at the point. 


A lever is ſaid to be of the third kind, when the 
power is between the weight and the prop.— In this, 
the power and weight balance each other, when the 
power is in proportion to the wight, as the diſtance 
of the weight from the prop is to the diftance of the . + 


power from it. Of this ſort are the bones of our legs * 


and arms, and the wheels of clocks and watches. 
The bended lever differs in nothing but its form 


and is ſimilar to that of a hammer drawing a nail. 
In the heel and axle, the velocity of the power is 


to the velocity of the weight, as the circumference 


of the wheel is to the circumference of the axle; and N 
the advantage gained by this machine is directly in the 
ſame proportion: For the power and weight balance 


circumference of the wheel. This machine is the 


A pulley, that only turns on its axis, and does not 
riſe with the weigbt, ſerves only to change the di- 


rection of the power; for it gives no mechanical ad- 


When, 


1 . 8 
When, beſides the upper pullies which turn 
round in a fixed block, there is a block of pullies 
moving equally with the weight; the velocity of the 
weight is to the velocity of the power, as 1 is to 
twice the number of pullies in the moveable block: 
and the power and weight balance each other, 
when the power is in proportion to the weight, 
as 1 is to twice the number of pullies in the move- 
able block. 
A weight raiſed, or a reſiſtance moved, by an 
inclined plane, moves only through a ſpace equal to 
the height or thickneſs of that plane, in the time 
that the power ges the plane through a ſpace equal 


to its whole length. Hence, the velocity of the 


power is in proportion to the velocity of the weight, 
as the length of the plane is to its thickneſs or 
height; and the power and weight balance each 
other, when the power is proportioned to the weight, 
as the thickneſs of the plane is to its length. —All 
edge-tools which are chamfered only on one fide are 
inclined planes, as far as the chamfer goes from 
the edge. „ i „ 
A wedge, in the common form, is like two inclined 
planes joined together at their baſes; and the thickneſs 
or height of theſe planes make the back of the 


wedge, to which the power is applied in cleaving 


of wood. 8 
When two equal reſiſtances act perpendicularly 

againſt oppoſite ſides of the wedge, and a power acts 

perpendicularly againſt the back of the wedge, the 


velocity of the power is in proportion to the velocity 


of the reſiſtance, on each fide, as the length of the 
wedge 1s to half the thickneſs of its back: And the 
power balances the reſiſtance of the wood, when the 
power is in proportion to the refiſtance, as half the 
thickneſs of the back of the wedge is to its whole 
length, if the ſharp edge goes to the bottom of the 
cleft in the wood, But when the wood ſplits before 
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the wedge, as it generally does, the velocity of the 


reſiſtance on each ſide is to the velocity of the power 
acting on the wedge, as half the thiekneſs of the 
18 t. dle length of the cleft. And in 
this caſe the power and reſiſtance balance each other, 


wedge is to the whole! 


when tlie power is to the reſiſtance, as half the thick- 
neſs of the wedge (when it is driven quite into the 
wood) is to the whole length of the cleft below the 
back of the wedge. 

The ſcreꝛo may be c 
clinded plane wrapt round a cylinder; hence, the 
power muſt turn the cylinder quite round, in the 
time that the weight or reſiſtance moves through 
a ſpace equal to the diſtance between the ſpirals or 
threads of the ſcrew. Therefore, the velocity of 


the power is in proportion to the velocity of the 
weight or refiſtance, as the circumference of a circle 


deſcribed by the power, in one turn of the ſcrew, 
is to the diſtance between the ſpirals of the ſcrew x 
and the power and reſiſtance balance each other, 
when the former is to the latter, as the diſtance be- 
tween the ſpirals is to the circumference of the circle 
deſcribed by the power. — This machine, beſides the 


4 advantage proper to itſelf, has generally the benefit 


of the wheel and axle, on account of the handle or 
lever whereby it is turned. 


As the ſcrew includes the inclined plane, - and two 
equally inclined planes make the wedge, we have 
all, the mechanical powers combined together in a 
common jack, if it be turned by the fly: for then, 


we have alſo the lever, the wheel and axle, and the 


pullies.— If this machine be uſed for raiſing a weight, 
by Means of a power applied to the fly, the power will 
balance the weight, if it be in proportion to the weight, 
as the velocity of the weight is to the velocity of the fly. 


© Now, conſidering how faſt the fly moves with reſpect 
to the motion of the weight, it is evident that a'crane, 
i conſtructed in the mannner of a common jack, would 
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onſidered as if it were an in- 


raiſe it, —In the lever, the friction is next to nothing: 


l 
be an engine of very great power. But then the 
time loſt would alſo be very great. For in all 
engines, the time loſt in working them is as the 
power gained by them. If machines could be made 
without friction, the leaſt degree of power added to 
that which balances the weight would be ſufficient to 


in the wheel and axle it is but ſmall: In the pullies 
it is very conſiderable; and in the inclined plane, 
wedge, and ſcrew, it is very great. 


Pyrometers are machines for meaſuring the expanſi- 
on of metals by heat. They are made of various 


forms, which cannot be deſcribed here. By two 
levers of the third kind, moving an index by means 
of a thread round a pulley on the axis of the index, 
a pyrometer may be made in a very ſmall compaſs, 
which will ſhew the expanſion of metals to the 
70,000dth part of an inch. 


LECTURE UI. 
On MECHANICS. 
HE center of gravity of a body is a point, 


round which all the parts of the body balance 
each other: And the body is moved by its own 
weight in the ſame manner that it would be, if its 


whole weight acted in that point. Therefore, the 
weight of a body will cauſe it to fall, unleſs its 


center of gravity be ſupported, 


If a perpendicular, let fall from the center of gra- 


vity, falls within the baſe, or ground on which the 
body i is placed, the body will ſtand; otherwiſe not. 


A cylinder is ſupported on an inclined plane, by 
a power which is in proportion to the weight of the 
cylinder, as the height or thickneſs of the plane is 
to the length of the plane. If the power be leſs, 


the cylinder will run down the plane; if greater, it 
will be drawn up.— Hence, when the weight of a 
| B lar 
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loaded cart or weggon, and the angle of a hill's 
height, are given; the power required to ſupport 
the load may be found, And if the power be en- 
creaſed, ſo as to overcome the friction of the wheels 
on their axles, and the reſiſtance ariſing from the 
inactivity of matter, the load will be drawn up. 
Thus ſuppoſing the fide of the hill to be a imooth 
plane, and the angle of its height to be 7 degrees 
to minutes, the perpendicular height of the hill 
is, in that caſe, equal to the eighth part of the 
length of its ſide: and the power that ſupports the 


load thereon is equal to an eighth 95 of the 
weight of the load. 


If the angle of height be 14 degrees 28 minutes, 
the height of the hill is equal to a fourth part of 


the length of its fide: And a power equal to a 


fourth part of the load will ſupport it. 
If the angle of height be 22 degrees 2 minutes, 


the height of the hill is equal to the three eighth 


parts of the length of its fide: And a power equal 
to three eighths of the load will ſupport it. 
If the angle be 30 degrees oo minutes, the 


height of the hill is equal to half the length of its 
fide: and a power equal to half the weight of the 
load will ſupport it on the hill. 


If the angle be 38 degrees 41 minutes, the 
height of the hill is equal to five eighth parts of the 
length of the ſide: And a power equal to five 


eighths of the weight of the load will ſupport tt. 


If the angle be 48 degrees 35 minutes, the 


Height of the hill is equal to three quarters of the 
Jength of its ſide: And a power equal to three quar- 


ters of the weight of the load will ſupport it. 
If the angle of height be 61 degrees 3 minutes, 


the height of the hill is equal to ſeven eighth parts 


of the length of its ſide: and a power equal to 


| ſeven eighth Py of the ha a of the load will. 
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trundle, ſhould be no aliquot part of the number 


{17 9 


All theſe caſes are experimentally proved by the 


inclined plane; which ſhews, that the power or ad- 


vantage of that plane is as its length to its height. 

It is proved, by working models of two waggony, 
one of which has broad wheels and the other narrow, 
that broad wheels are juſt as eaſily drawn on hard 


ground as narrow ones; and eafizr on ſandy ground, 


becauſe they fink not ſo deep into the earth.—lt is 
alſo plain by experiment, that let the wheels be 
either broad or narrow, the waggon is much eaſter 


drawn on rough ground, when the heavieſt part of 


the load is put over the axle of the hind wheels, than 
when it is put over the axle of the fore ones. 
In water-mills, the velocity of the float boards of 


the wheel ought to be equal to a third part of the 


velocity of the water where it turns the wheel: And 
the train ſhould be ſuch, that the grcinding-ſtone 


may make about 60 revolutions in a minute. 


The number of rounds, or upright ſtaves in the 


of cogs in the wheel that turns the trundle: For 
then, each cog will fall upon a different round from 
what it did laſt before; and by that means they 
will all wear more equally, than if it took the fame 
round in each revolution. 

The engine by which the piles were driven at 
Weſtminſter-Bridge was ſo contrived, that whilſt 


the horſes that turned it went conſtantly round, a 


weight was drawn up by it to a great height, then 


let fall freely upon the top of the pile, and was im 


mediately followed by a pair of tongs which took 
hold of the weight and drew it up again, A large 


| fly regulated the motion, and acted againſt the 


* 
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horſes, to keep them from falling forward when the 


weight dropt. The tongs were nearly counterpoiſed 


by another weight, whoſe line or rope wound 
round a ſpiral fuſee, fo as to cauſe the tongs to fall 
With a moderate and uniform velocity, 
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-LECTURE III. 
On HYDROSTATICS. 


LUIDS preſs equally in all manner of direc- 
tions, as is ſhewn by their motions in four 
glaſs tubes, open at each end; one tube being quite 
ſtraight, another bent directly upward at the lower 
end, a third bent ſidewiſe to a right angle, and the 
fourth bent obliquely. All theſe being put in 
water near to their tops, the water riſes in each of 
them to a level with the ſurface of that in which 
they are immerſed, . 
If a piece of lead, whoſe upper ſide is flat, be put 
into an empty veſſel; and a piece of wood, whoſe 
under ſide is flat, be put upon the lead, ſo as no water 
may get between; and the wood be held down till the 
veſſel be filled with water, the wood will remain upon 
the lead at bottom: For it is then kept down both 
by its own weight, and the weight of the water above 
it; the upward preſſure of the water being prevent- 
ed. as none gets in between the lead and the wood. 
If a wide tube, open at both ends, has a piece of 
lead held cloſe to its lower end, by a ſtring within 
the tube, ſo as no water can get between the lead 
and the tube; and then, if the whole be immerſed 
in water, till the depth of the lead below the ſurface 
of the water in the veſſel be almoſt twelve times 
the thickneſs of the lead, the ſtring may then be 
let go; for the lead will not fall away from the 
tube, becauſe the upward preſſure of the water is 
greater than the weight of the lead; and no water 
gets above it to preſs it down. But if the tube and 
lead be raiſed, till the depreſſion of the lead below 
the ſurface of the water in the veſſel be any thing 
leſs than 113 times the thickneſs of the lead, it will 
then fall off: which ſhews, that lead is 115 times 
as heavy as its bulk of water, 8 Ic 
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is cloſe at bottom, to the height of an inch or two; I 


tube. But if that end be immerſed in a veſſel of 


raiſed higher, it will be more preſt downward than 


dicular height, without any regard to their quantity. 


| be poured into either tube, and it will riſe juſt ag 
high in the other, and ſettle with ſarfaces parallelf 


though one tube ſhould contain a thouſand or ten 


ſpring from whence it came, I 


Y 13 ] 


If quickfilver be poured into a wide tube, which i 


and one end of a {mall tube, which is open at both 
ends, be immerſed in the quickſilver; if then the 
large tube be filled to any height with water round 
the ſmall one, the weight of the water on the quick- 
filver will preſs it upward in the ſmall tube, till its 
height in that tube be a fourteenth part of the height 
of the water around the tube. This ſhews that 
quickſilver is fourteen times as heavy as water. 

If a tube open at both ends has a bladder tied over 
one end, ſo as the bladder may be flaccid, and then 
ſome water be poured into the tube, it will preſs the 
bladder downward, and make it concave below the 


water, till the ſurface of the water within the tube be 
even with the ſurface of the water in the veſſel with- 
out it, the bladder will then be flattiſh, as if it were | 
not preſſed at all, becauſe it is equally preſſed on 
both ſides.— If it be plunged deeper, it will be preſt 
upward, ſo as to convex within the tube: If it be 


upward, and be concave below the tube. And this 
will hold equally, whatever the ſize of the veſſel be, 
in which the tube is immerſed: which ſhews, that 
the preſſure of fluids is in proportion to their perpen- 


If a ſmall tube be joined to a very large one, andi 
the whole be bent in the middle, ſo as the two parte pl | 
may be either parallel, or make an angle; water may 


£1 
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to the horizon, when you leave off pouring; even 


thouſand times as much as the other does. This alf, 
ſhews, that fluids preſs in proportion to their perpen 
dicular heights, without any regard to their quantities 
and that water in pipes will aſcend to the level of the 
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ſink in water, be corked and ſuſpended at one end of 
a balance, and then immerſed in water, and counter- 
"37 poiſed by weights in a ſcale hung to the other end 
of the beam; upon pulling out the cork, and ſo 
letting water get in to fill the phial, it will immedi- 

ately deſcend, and will then require as much weight 
put into the ſcale to counterbalance it again, as will 

weigh all the water in it, up to the neck, when taken 


Which ſhews, that fluids weigh juſt as much in their 


i" | own clement as out of it. 


both ends, has one end bent to a right angle, and 
the open neck of a large bladder be tied round that 
end; if then the bladder be put into a box, and have 
a board laid upon it with twenty-five or thirty 
| 1 pound weight of led upon the board; and then the 
tube be held upright, and water be poured into it, 
5 water will run into the bladder, and raiſe all the 


ou et and by the time that the water ſtands a- 
bout eighteen or twenty inches high in the tube, it 


tube ſhould be ſo ſmall, as not to hold an ounce of 

water, 

ö . If a glaſs, with a piece of light wood in it, be 
filled up to the brim with water, and then weighed 

in a balance, with the wood floating i in the water ; 

Wl: then the wood be taken out, and the, glaſs filled 

up again to the brim with water, it will be Juſt as 


. merſed part of the wood is equal in weight to the 
1 whole of the wood; and conſequently, that the 
Wihuantity of water diſplaced by a ſhip is equal to the 
eight of the ſhip and her whole cargo. 

1 The preſſure of a fluid, upon the bottoms of all 
eſſels whatever, is proportional; to their baſes and 
1 per- 


If an empty phial that is made heavy enough to 


out and weighed againſt this additional weight: 


{3 | If a ſmall tube about two feet long, and open at 


will ſupport the weight, though the bore of the 


heavy as when the wood was in it: which proves, 
that a quantity of water equal in bulk to the im- 


BO 

perpendicular heights, without any regard to the 
quantities they contain, —This is ſhewn by two veſ- 
ſels of equal heights and baſes, but of very different 
capacities, their bottoms being held up by equal 
forces; for, at whatever height the water is in one 
veſſel when it preſſes off the bottom, it does the like 
when poured in to the ſame height in the other. 

A ſyphin will not run, unleſs the perpendicular 
height of the column of fluid in the outer leg be 
greater than the perpendicular height of the column 
in the inner leg above the ſurface of the fluid in the 
veſſel in which that leg is partly immerſed. 

By the Tantalus cup, and Fountain at command, 
the cauſe of intermitting ſprings 1s explained. 


LECTURE IV. 


On SPECIFIC GRAVITIES, and HY- | 


DRAULIC ENGINES. 
Body heavier than its bulk of a fluid will fink 


therein; if lighter, it will ſwim : if of equal 
weight, it will reſt any where between the top and 


bottom of the fluid. 


If a ſolid body, heavier than its bulk of a fluid, Fl 


be immerſed and ſuſpended therein, it will loſe as 
much of its weight as its bulk of the fluid weighs : 


but the weight loſt by the folid is gain'd by the i 
fluid, as is proved by experiment. Hence all equal 


bodies, immerſed and ſuſpended in a fluid, loſe equal 


weights therein: and unequal bodies loſe weights 


proportionable to their bulks. 


If the weight of a body in air be divided by what | 
it loſes in a fluid, the quotient will ſhew how much 


heavier it is than its bulk of that fluid; or its ſpeci- 
fic gravity. 353 85 
By this trial, pure gold is found to be 19.637 


times as heavy as its bulk of water: Guinea gold 


17-798 


1 
4 


3 


17.793 times as heavy : quickſilver 14.00 times: 


lead 11.325 times: ſtandard filver 10.535: copper 
9.000: plate braſs 8.000: ſteel 7.852: iron 7. 64 5: 


and block tin 7.321: A cubic foot of common 


water weighs . 1000 avoirdupoiſe ounces; and if the 
decimal point be taken away from the above num- 
bers, and they reckoned to be whole, they will ſhew 
how many ounces avoirdupoiſe are contained in a 
cubit foot of each of the above bodies.—-Thus, a 
cubic foot of pure gold weighs 19637 ounces; a 
cubic foot of guinea gold 17793 ; a cubic foot of 
quickſilver 14000; and fo on. 

A cubic inch of brafs loſes 253+ grains of its aeri- 
al weight in water; in proof ſpirits it loſes 235 
grains. Hence, a cubic inch of water weighs 2 53 

rains, and a cubic inch of proof ſpirits 235. 


The ſpecific gravities of pure ſpirits, proof ſpirits, 


and water, are as 840, 923, and 1000. 
In a common pump, as the piſton is raiſed, above 
what is call'd the fucking valve, the water riſes by 
the preſſure of the atmoſphere to the height of 33 
feet, and no higher. Therefore, the bucket muſt 
go down to within 33 feet of the ſurface of the wa- 
ter in the well ; otherwiſe, the water will never get 
above the bucket, and the pump will not work. 
This ſhews, that a column of water 33 feet high, 
is juſt as heavy as a column of air of the ſame thick- 
neſs with that of the water, and reaching from the 
earth's ſurface to the top of the atmoſphere. _ 

But at any diſtance leſs than 33 feet from the ſur- 
face of the well, the water will riſe above the buck- 
et; and may then be lifted to any height whatever, 
by applying a ſufficient degree of power to the han- 
dle. 8 1 „ 

In a forcing pump, the water riſes above the ſuck- 
ing valve, by the preſſure of the atmoſphere, as in 
the common pump. But inſtead of a, bucket, there 
is a ſolid plunger that fits the pump-bore, fo as nei- 


her 
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ther water nor air can get between. As the plunger 
is raiſed, it lifts up all the air above it, and the atmo- 
ſphere forceth the water up into the pump- barrel, 
through t he ſucking valve, which being raiſed by 
the upward preſſure of the water, falls down by its 
own weight when the plunger is raiſed as far as it 
can go by means of the handle; for then, the wa- 
ter being at reſt below the plunger, gives the valve 
liberty to fall: and ſo the valve hinders the water 
from being puſhed back the fame way again by 
the deſcending plunger: but the deſcent forceth the 
water through another pipe, which opens into the 
pump-barrel above the ſucking valve; and may be 
forced to any given height in that pipe, or in a jet 
from it, according to the degree of power applied 
to the handle. An air-veſfel is fixed to this pipe, by 
means of which, as the air is condenſed within it, 
the water flows out in a regular continued ſtream.— 
The common engine for extinguiſhing fire conſiſts i 
of two forcing pumps with air- veſſells. 

On this principle; engines are made for raiſing W 
water above the level of rivers or ſprings, to gentle= WW 
men's ſeats; and are ſometimes worked by water, | 
| ſometimes by horſes. If ſuch an engine has a 
triple crank for working three pumps, all of them 
throwing the water into one common conduit pipe, 
there will be no occaſion for any air-veſſel; becauſe i 
there will always be one or other of the plungers i 
going downward, which will force the water out in 
a regular ffream, „ 


KL erh 
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HE ſtructure of the principal parts of the 
air-pump is ſo much like that of the com- 
mon water-pump, that whoever underſtands the one, 
will be at no loſs to underſtand the other. The 
ECT Ph ___... chick 
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chief uſe of this engine is to exhauſt the air out of 
| glaſs veſſels, generally called receivers. 

| If a ſmall receiver, open at both ends, be placed 
| over the hole in the pump plate, and a perſon puts 
| the palm of his hand on the top of the receiver, 
whilſt another perſon exhauſts the air out of the 
receiver, his hand will be held down fo faſt by the 
preflure of the atmoſphere, that he cannot pull it off 
until the air be let into the receiver again. 

If 2 guinea and the down of a feather be hung 
| within the top of a tall receiver, and let fall after 
the air is exhauſted out of it, they will both fall at 
| the ſame inſtant on the pump plate whereon the 
receiver ſtands, 

If a wet bladder be tied over the top of an open 
receiver, then ſet to dry, ſo as to be tight like a 
drum; and the receiver be then put upon the 


pump plate, and the air exhauſted out of it, the 
| bladder will be broke by the weight of the atmo- 
ſphere, 
| f If the neck of a hollow glaſs bubble be immerſed 
in a phial of water, and covered with a cloſe re- 
ceiver, and then the air be exhauſted out of it; upon 
letting the air in again, its preſſure on the water in 
| the phial will force the water up into the bubble, ſo 
as almoſt to fill it. 
If a bell be covered with a cloſe receiver, and the 
air be exhauſted out of it, the ftriking of the 
clapper againſt the ſides of the bell will not be 
heard. 
If a pump be placed in water, 8 a receiver, 
and the aic be exhauſted, no water can be raiſed 
by working the piſton, until the air be let in again : 
which ſhews, that the water riſes by the preſſure 
of the air; and not by any ſuch thing as on in 
the pump. 

If a ſmall recceiver be placed on the pump plate; 
5 ſome diſtance from che hole, and covered with a 


large 
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large receiver over the hole; and then, if the air he 


exhauſted out of both receivers, the ſmall one will | 


continue looſe on the plate, and the large one will 
be preſt down upon it. But, upon letting the air 
into the big receiver, it will be releaſed, and the 
ſmall one will be preſt down: which ſhews, that 
the receivers are held down by the preſſure of the air, 
and not by ſuction of the pump. 
If a veſſel be exhauſted of air, and then balanced 
in a pair of ſcales; upon letting the air into it again, 
it will preponderate, and be found to weigh heavier, 
by about 16 grains, for every quart it holds, 
If a hole be made in the bottom of a cup, and 


have a bit of dry. haſel or willow branch fixed into 


it, and the other end of the branch be fixed into 
a hole in the top of a receiver; if quickſilver be pour- 
ed into the cup, and the air be exhauſted out of the 
receiver below it, the quickſilver will be forced 
through the pores of the branch, by the weight of 
the incumbent air; and will fall like a ſhower, 
into the receiver. DT 

If a pipe be fixed into a plate which covers the 


open end of a tall receiver, and the air be exhauſted; 
it then the lower end of the pipe be immerſed into 
a baſon of water, the preſſure of the air will force | 
the water upward, ſo as to make a fountain in the 


exhauſted receiver. „ 

If the air be exhauſted out of two hemiſpherical 
braſs cups, joined together only by a piece of wet 
leather put between them; if the diameter of each 
cup be 5+ inches, it will require a force equal to 
360 pounds to ſeparate them; ſo ſtrongly are they 


held together by the preſſure of the outward air. 


If a tube about 31 or 32 inches long, and open 
at one end, be filled with quickfilver, and the 


open end be immerſed in a jar in which there 


is ſome quickſilver, the quickſilver will fink in the 
5 8 . — 
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tube to the height at which it then ſtands in the 


barometer. If this jar and tube be placed on the 
pump plate, and covered with a tall receiver, 


| cloſe at top, and then the air be exhauſted out of 


aſcends in wairr +: ic like reaſon, 


the receiver, all the quickſilyer will deſcend out of 


the tube into the jar: but, upon admitting the air 
again into the receiver, it will preſs on the quickſilver 
in the jar ſo, as to drive it up into the tube, and 
ſupport it at the ſame height therein as it ſtands i in 


the barometer ; which ſhews, that the quickſilver 


in the barometer is kept up ſolely by the weight of 


| the air, 


LECTURE VI. 
On PNEUMATICS. 
F a leaden weight of three or four pounds be 


drawn up, the lead and ſyringe will be forcibly 
puſhed up on the piſton, by the upward preſſure of 
the air. 

If a large cork be exactly counterbalanced in 
air by a piece of lead, and then covered with 
a receiver; upon exhauſting the air, the cork will 
preponderate, and ſhew itſelf to be heavier than 
the lead. 

If a candle be ſet on the pump plate, and oven 
with a tall receiver that holds a galion, the candle 


will burn for one minute and no longer: which 
| ſhews, that a gallon of freſh air is requilite every 
minute to feed the flame of a candle. When the 


flame goes out, the ſmoke will continue to aſcend 


in the receiver; but on exhauſting the air out of 


the receiver, the ſmoke will fall down to the bot- 
tom of it on the pump plate. This ſhews, that 


ſmoke is not devoid of weight, and that it aſcends 


in air, only roomy it is lighter than air; as wood 


1 


fixed to the end of a ſyringe, and the piſton be 
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If a little air be tied up in a bladder, and the 
bladder be covered with a cloſe receiver, upon ex- 
hauſting the air out of the receiver, the air confined. 
in the bladder will expand fo, as to make the blad- 
der appear full blown: but, upon admitting air 
again into the receiver, the bladder will be preſt 
-4 into its former ſhrivelled ſtate. 
Of If the ſame bladder be put into a box, and have 
vi 16 or 20 pound weight of lead put upon it, and 
then covered with a receiver; upon exhauſting the 
air out of the receiver, the air confined in the blad- 
der will raiſe up the leaden weights by the force of 
its ſpring. WR ts 
Moſt forts of animals will die in the greateſt ago- 
nies, in an exhauſted receiver. e 
If a tube open at both ends, has one end immerſ- 
ed into a jar about a third part full of quickſilver, 
and the tube be cemented (or ſcre wed) into the jar, 
f to confine the air therein that lies above the quick- 
4 filver, and the tube and jar be covered with a tall 
* receiver; on exhauſting the receiver, the air will 
come out of the tube by means of its ſpring, and 
| the ſpring of the air which is confined in the jar will 
force the quickſilver up into the tube, as high as it 
7 was raiſed in a former experiment by the weight of 
2 the air: which proves, that the ſpring of the air is. 
5 equal to its preſſure or weight. „ 1 
If a tall receiver be exhauſted of air, and joined 
by a pipe to a veſſel about half full of water, ſo as 
to be quite air- tight, the ſpring of the air that lies 
above the water in the veſſel will force the water up 
into the receiver, and make a fountain therein. 
£ If a ſhrivelled apple be put under a receiver, and i 
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. the receiver be exhauſted of air; the air confined in v1 
: the apple will plump it out, and make it look quite 


freſh : but on letting the air into the receiver again, 
its weight will reduce the apple to its former ſhrivel- 
led ſtate, 
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If a freſh apple be priked all over with a bodkin, 
and put under a receiver; upon exhauſting the air 
out of the receiver, the air in the apple will force 
the juice out through the holes made by the bodkin; 
and make the apple look as if it were roaſting by 
a fire. 

If a little of the ſhell be cut off from the ſmalleſt 
end of a freſh egg, and the egg be put under a re- 


ceiver; on exhauſting the receiver, the bubble of 


air confined in the biggeſt end, between the film 


and ſhell, will expand itſelf ſo by the force of its 
ſpring, as to drive out the contents of the egg into 


the exhauſted receiver. 
If a glaſs of warm beer be put under a receiver, 


and the receiver be exhauſted, the beer will thew all 
the appearance of boiling, as the air comes out of it 


by the force of its ſpring. _ | 
If about a cubic inch of dry wainſcot be put into 
a glaſs of warm water, and covered with a receiver; 


on exhauſting the air out of the receiver, the water 


will ſeem to boil; and a long time after it has done 
| bubbling, the air will continue to come out of the 
| wood in large and innumerable bubbles, which ſtrik- 


ing againſt the ſides of the glaſs, and rebounding 


againſt the wood, will cauſe it to dance to and from 
in the water. 5 8 5 5 
If a receiver be exhauſted of air, and then the 


« 


air be let into it through the flame of a candle, held 
| to the end of a pipe which opens into the receiver 


through a braſs cover, the receiver will be filled 
| with burnt air. If then the cover be taken off, 
| ind an animal be put into the receiver, it will die: 
or if a lighted candle be put into the receiver, it will 
go out immediately. 5 = 
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LECTURE VI. 
On the USE of te GLOBES, 
\ HEN the earth's ſhadow falls upon the 


moon, it is bounded by a circular line, 
whatever fide of the earth be then turned toward 
the moon. —This proves the earth to be a ſpherical 


body, and not an extended plane, Its circumfe- 
rence is found (by meaſuring the length of ſome 
degrees on its ſurface) to be 25,0385 Englith miles 
and conſequently its diameter is 7970. ES 

All terreſtrial bodies are attracted towards the 


earth's center; and, therefore, no body can fall from 


any part of its ſurface any other way than towards 
its center, —Hence, people ſtand equally firm on 


all ſides of the earth. 


The four principal continents are, Europe, Aſia, 
Africa, and America, „ 


The principal Oceans are, the Northern Ocean, 


the Atlantic Ocean, the Ethiopic Ocean, the Indian 
Ocean, the Pacific Ocean, the Southern Ocean. | | 

According to meaſurement from the beſt maps, 
the ſeas and unknown parts contain 160, 566,276 
ſquare miles; the inhabited parts 38,990, 569; Europe | 
4,450,005; Aſia 10,768,823; Africa 9,654,807; 


America 14,110,874. Inall, 199,556,845; which 
is the number of ſquare miles on the whole ſurface 
of gur globe. , 5 

When a ſpherical ball has the different countries 
and kingdoms delineated upon it, and the rivers and 
towns therein properly marked, it is a repreſentation 
of the earth: for the hills take off no more in com- 


' pariſon from the roundneſs of the earth, than grains 
of duſt do from the roundneſs of a common 


globe. D 5 | 
When a hollow ſpherical ball of glaſs has the ſtars 
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properly marked on its inſide, with the fun, moon, 
"TS" | and 
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and planets, it is a DL PI BY of the viſible 
heavens, to an eye ſuppoſed to be placed in its center. 
—PBut becauſe it would be impoſfible to have theſe 
in a complete hallow ball of glaſs, unleſs it were 
made up of two hemiſpheres joined together, the 
ſtars are laid down on the ſurface. of an opake globe. 
The ſun and planets are continually changing their 
places, and therefore they cannot be marked any 
other way than by a pencil or chalk oceaonaily. 
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The chief problems which may be ſolved by a terreftrial 
lobe, properly fitted up, are as follow, 


1. To find the latitude and longitude of any 
given place. 

2. The latitude and longitude being given, to find 
the place. 

Jo find the difference of latitude, or difference 
of 1 between any two given places. 

A place being given, to find all thoſe places 
which have the ſame latitude or longitude with it. 

5. To find the antæci,  periecz, and antipodes of 
any given place. 

6. To tind the diſtance between any two given 
places. 

7. A place being given, and its true diſtance from 
any other place, to find all the other places which 
are at the ſame diſtance from the given place. 
8. The hour of the day at any place being given, 
to find all thoſe places where it is noon at that 
time. 

e hour at any place being given, to find 
what o'clock it then is at any other place. 

1 10. To find the ſun's place in the ecliptic, and 

his declination. 
1 The day of the month being given, to find 
all thoſe places over which the ſun will paſs vertically 
on that i 1 

| n 2, A 
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12. A place deing given in the torrid zone, to | 
find thoſe two days of the year on which the ſun | 


ſhall be vertically to that place. 


13. To find all thoſe places of the north frigid | 


zone where the ſun begins to ſhine conſtantly with - 
out ſetting on any given day, from the 21ſt of 
March to the 23d of September. 

14. To find to what place the ſun is vertical at 
any given time. 


1 


15. The day and hour at any place being given, 


to find all thoſe places where the ſun is then riſing, 
or ſetting, or on the meridian: conſequently, all 
thoſe places which are enlightned at that time, and 
thoſe which are in the dark, 

16. The day and hour of a lunar eclipſe being 


given, to find all thoſe Places at which it will be ; 


viſible, 


and ſun's place. 


18. The latitude of any place not evading 602 | 


degrees being given, to find the time of ſun-rifing 
and ſun-ſetting at that place. 


19. The latitude of the place, and the day of the 
month, being given; to find when the morning 


twilight begins, and the evening twiligbt ends. 

20. To find on what day of the year the ſun 
begins to ſhine conſtantly without ſetting; at any 
place of the north frigid zone: and how long he 
continues to do ſo. 

21. To find in what latitude the fur ſhines cone 
ſtantly, without ſetting, for any length of time leſs 
than 182 of our days and nights. 

22. To find on what point of the compaſs the 
ſun riſes, or ſets, in any given latitude leſs than 66+ 
rs 


17. To rectify the globe for the latitude, zenith, g 


The latitude, the ſun's place, and tos altitude; ] 


2 — given; to find the hour of the day, and the 
5 —_ 


ſun's azimuth, 
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24. The latitude, the ſun's place, and his azi- 
muth, being given; to find the hour of the day, 
and the ſun's altitude. 

| 25. The latitude, the ſun's place, and the hour 

| of the day, being given ; to find the ſun's altitude, 

and his azimuth. 

26. The latitude, the ſun's place, and his alti- 
tude, being given; to find the variation of the 
compals. 
27. The latitude, the ſun + altitude, and his azi- 
| muth, being given; to find his place i in the eclip- 
tic, the day of the month, and the hour of the 
| day; though they had all been loft. 
| 28, To find the length of the longeſt hay; at 
| any given place. 
| 29. The length of the longeſt day, at any place 
being given; to find in what climate that place is. 
38. To find in what latitude the longeſt day is 
| of = given length leſs than 24 hours. 

i The latitude, and day of the month, being 
Þ ſen; to find the hour of the day when the ſun 

| ſhines, 
32. To explain the equation of time. 
| 33. To explain the phæ nomena of the warn = 
moon. 
34. To explain the principles of dialing, and to 
| conſtruct a ſun-dial on any plane, for any Siven la- 
titude. 


Tie chief problems which may be ſolved by the celefiial 
5 globe are theſe hat follow. 


1. To find the right aſcenſion and declination of 

the ſun, or of any ſtar. 

| og To find the latitude and longitude of any ſtar. 
.. To repreſent the face of the heavens at any 

hour of the night. 
To find the time, on any given day, when 

OF. ſtar will riſe, or be on 8 the meridian, or ſet, _ 
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. To find at wh time of ths 6 year a given ſtar YF 
will riſe, or be upon the meridian, or ſet, atany | 


given hour. 
6. Divers ways of finding the hour of the night 
by the ſtars. 


. To find the place of the moon, or of any 


planet, on the globe; and the time of Its a or 
ſouthing or ſetting. 
8. To explain the preceſſion of the equinoxes. 


N. B. All problems relating to the ſun may be 


ſolved either by the celeſtial or terreſtial globe. The 
method of ſolving them would enlarge this treatiſe 
much beyond the intended bulk: but it is to be 
found in Mr. Harris's book on the uſe of the 
Globes, ſold by Mr. Cole at the Orrery in Fleet» 


ſtreet; or in my book of lectures, ſold by Mr. ö 


Millar, Bookſeller, in the Strand, 
LECTURE VIII, 


On the CENTRAL FORCES, and Doctrine ! 


of the TIDES. 


ATTER, being inert, can neither move 
nor ſtop of itſelf, as is ſhewn by a ball on 


the whirling table; which neither begins to move 


when the table moves, nor ſtops when the motion 
of the table is ſtopped. —Conſequently the motion 


is in its own nature perpetual. And yet, no per- 


petual motion can be made by art, becauſe we-can 
neither annihilate friction, nor quite take off the 
reſiſtance of any medium. 

Motion is rectilineal, when only \one force or 


power acts upon the moving body, Therefore, 
when we ſee a body move in a curve of any kind 
whatever, we muſt conclude it is acted upon by | | 


two powers at leaſt. 


All bodies moving in orbits, have a tendency to i | 
fly off from their orbits, and move in right lines: 
* 7 IMO there- 'F 
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therefore, to keep them in their orbits, ſome active 
power muſt be conſtantly drawing them, or impel- 
ling them, toward the centre of their orbits : as is 
evident by a pebble whirled round one's hand in 
a ſling. 

Ihe planets are retain'd in their orbits by the 
power of gravity, and they are moved in their or- 
bits by a projectile force impreſſed upon them at 
the beginning. 

If the power of gravity alone acted on the pia⸗ 


the projectile force acted alone on the planets, it 


be tangents to their orbits. 
| The ſun and planets mutually attract each other, 


in proportion to their quantities of matter. —The 


| ſun's attraction is that which cauſes or conſtitutes 
the gravitation of the planets. 

| The center of gravity of any two revolving bo- 
| dies is a point, round which they are in ægu⁰pbrio. 
| its diſtance from their centers is inverſly as their 
quantities of matter. 

| When one body moves round another, both of 
them muſt move round their common center of 


main immoveable, if any other body moved round 
Fe. 

The quantity of matter in the ſun is much great- 
er than in all the planets put together, Therefore, 
the common center of gravity between the ſun and 
{planets i is much nearer to the ſun than to any Pla- 
net in the ſyſtem. 

The common center of gravity between the ſun 
and all the planets is at reſt: but the common cen- 
er of gravity between any planet and its ſatellite is 


planet itſelf would moye if! it had no fatellite, 


a — wo v 2 — — > — 


| nets, it would bring them down to the ſun.—If 


would carry them off in ſtraight lines, which would 


| gravity, as is plainly prov'd by experiment. Hence, 
the largeſt body in the ſolar ſyſtem could not re- 


moveable, and deſcribes the orbit in which the 


The. 


4 3 
The common center of gravity between the earth 
and moon is 6000 miles from the earth's center, — 


As the earth and moon move round their common 


center of gravity every month, the earth's center 
deſcribes a circle of 12000 miles diameter in that 
time : and conſequently, the earth is 12000 miles 
nearer the ſun at the time of full moon, than at 
the time of new moon. 

All parts of the earth have a teudency to fly off, 
in proportion to their diſtance from this common 
center of gravity: therefore the ſide of the earth 
which is at any time turned away from the moon 
has a greater centrifugal force, or tendency to fly 
off, than the earth's center has : and the earth's 
center has a greater centrifugal force, than that 
fide of the earth which is turned towards the moon. 


At the earth's center, the moon's attraction ba- 


lances the centrifugal force: conſequently, her at- 
traction on the fide next her is ſtronger than the 
centrifugal force of that fide; and weaker than the 
centrifugal force of the fide fartheſt from her. As 


the moon's attraction on the ſide of the earth next 
to her is greater than the centrifugal force of that 


ſide, her attraction cauſeth the tide to riſe on that ſide. 
As the centrifugal force of the fide of the earth 
fartheſt from the moon is greater than the moon's 
attraction, the centrifugal force cauſeth the tide to 
riſe on that ſide. 
The tide riſes equally high, or r nearly ſo, at the 


ſame time, on both ſides of the earth; becauſe the 
| centrifugal force of the fide that is fartheſt from 
the moon overbalances her attraction very nearly 
as much, as her attraction on the fide next her 


over- balances the centrifugal force of that ſide. 

A double velocity, in the ſame orbit, balances a 
quadruple power of attraction at the center of that 
orbit, as is manifeſt by experiment. — Therefore, if 


the Yelocity « of any planet were twice as great as it 
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now is, the ſun's attradion would need to be four 


times as great, in order to retain the planet in its 


The ſquares of the planets periods round the ſun 
are found by obſervation to be as the cubes of their 


diſtances from the ſun.— If this be repreſented on 


the whirling table, it appears, that the powers at 


the center requiſite to keep the planets in their 


orbits, are inverſly as the ſquares of their diſtances 


from the center of their orbits: which proves, that 


the ſun's attraction diminiſhes in proportion as the 
ſquares of the diſtances from him increaſe: that 
is, at a double diſtance, his attraction is four times 
leſs; at a triple diſtance, nine times leſs; at a qua- 
druple diſtance, ſixteen times leſs; and ſo on. 
The motion of the comets prove the Carteſian 
doctrine of vertexes to be abſurd. This is alſo 


proved by an experiment on the whirling table, 


made by mercury and water in one tube, and wa- 
ter and cork in another. 

The earth. is of a ſpheroidial figure, as is proved 
by the french obſervations ; 1ts equatoreal diameter 
being longer than its axis. —This demonſtrates that 
the earth turns on its axis: for, if it did not, the 
water would leave the equatoreal regions, and over- 


flow the polar, —The whirling ſphere proves, that 
this figure of the earth ariſes from its motion on 


its axis. 8 
LECTURE. IK. 
On A595 T RON OMY. 
N O ſcience is comparable to this, for giving us 


noble ideas of the Deity and his works; and 


drawing us near to him, The earth is at leaſt 160 


millions of miles nearer ſome of the ſtars at one 
time of the year than another: and yet, the appa- 


rent magnitudes of theſe ſtars, and their angular 
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diſtances from each other, is ſtill the ſame: whien 
proves, that the diſtance of the ſtars from us is 


exceeding great. 


At the diſtance of any ſtar, all the planets in our 1 


ſyſtem would diſappear: and the ſun would ppc 
no bigger than a common ſtar does to us. Con- 
ſequently each ſtar may be a ſun to a ſyſtem of 

planetary worlds, which our beſt teleſcopes cannot 


_ poſſibly diſcover. 


The. ſtars are vaſtly too remote from the ſun, 


to be enlightened by it, ſo as to reflect light enough 
to make them viſible, Hence it is plain, that they 


ſhine by their own native and unborrowed luſtre. 
Thoſe of the firſt magnitude cannot be leſs than 


the ſun; otherwiſe they could not appear fo large 
to us as they do.— Since they are ſo large, and ſhine | 


by their own light, they are ſuns. 

It is probable that all the reſt are as large, and 
only appear to be of different magnitudes by rea- 
ſon of their different diſtances. 

The number of ſyſtems which would ſtand around 
our ſolar ſyſtem, and next to it, is much leſs than 
the number of thoſe which might ſtand next around 

them.—And ſo on to infinity. But the ſtars of the 


firſt magnitude are much fewer in number than thoſe _ | | 
of the ſecond: thoſe of the ſecond much fewer than 


thoſe of the third: and fo on. 

This circumſtance makes it highly probable, that 
the ſtars of the firſt magnitude are ſuns to thoſe 
ſyſtems of planets next around our ſyſtem: thoſe of 
the ſecond magnitude, ſuns to thoſe ſyſtems next 
beyond our neighbouring ſyſtems: and ſo on, to the 
ftars of the ſixth magnitude, which are the ſmalleſt 


that common eyes can perceive. 


But by means of the teleſcope, ess of ſtars 


are diſcovered, which are quite inviſible to the bare 


eye. Thoſe are certainly of no manner of uſe to 
us; but we cannot therefore conclude, that they 
are 


e 


are uſeleſs; and conſequently we infer, that they are 
ſuns to particular ſyſtems of worlds. 5 — 

Our earth, if ſeen from the ſun, would appear no | 
bigger than a point; as is evident from the ſmall- | 
neſs of the ſun's parallax.— It is a planet only of the 

third magnitude, for it is much leſs than Saturn, 
and Saturn is conſiderably leſs than Jupiter. 

I) be ſolar ſyſtem conſiſts of the fun, fix primary 

planets, ten ſecondary planets or moons, and the {/ 
comets. : 

The fix primary planets are Mercury, Venus, the 
Earth, Mars, Jupiter, and Saturn.—The Earth has | 
one moon, Jupiter bas four, and Saturn five. [ 

All the planets move round the ſun from weſt, | 

by ſouth, to. caſt; in orbits which are nearly circu= | 
lar, and but little inclined to each other.—The | 
comets move in all forts of directions, in orbits 
which are very long ellipſes, much inclined to one 
another, and to the orbits of all the planets. The 
rails of the comets are only thin vapours : for, if they 
were flame, no ſtar could be ſeen through them. 

The time in which any planet goes round the 
ſun, is the length of its year; and the time in which 
it turns round its axis, 1s the length of its day and 

Night taken together. 
Mercury goes round the ſun in 87 days 23 hours: 

its diameter is 2600 Engliſh miles, its diſtance from 
the ſun is 32,000,000 of miles, and its hourly 
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0 motion in its orbit is 95,000 miles. The time of its 
| diurnal rotation, or length of its days and nights, 
is unknown, VVV 
i Venus goes round the ſun in 224 days 17 hours: 
! its diameter is 7900 miles, 1ts diſtance from the ſun 
is 59,000,000 of miles, its hourly motion in its or- 


3 


bit is 69, ooo miles, and it turns round its axis in 
24 days 8 hours of our time. . 
The Earth goes round the ſun in 365 days 3 
hours 49 minutes: its diameter 1s 7970 miles, its 
3 : _ diſtance 


— _ 
2 a — 


— mw So 


1-8 1: 
diſtance from the ſun is 81,000,000 of miles, its 
hourly motion in its orbit is 58, ooo miles, and it 
tutns round its axis in 24 hours. 

The Moon goes round the earth, from change to 
change, in 29 days 12, hours 44 minutes; and 
turas round her axis 1n Wee e Her diffe- 
rent phaſes prove that ſhe ſhines by. reflecting the 


light of the ſun, and not by any light of her o wn. 
Her diameter is 2170 miles, and her diſtance from 
the earth is 240,000. In reſpect of the earth ſhe 


moves 2290 miles each hour in her orbit. 
Mars goes round the ſun in 686 days 23 hours: 


its diameter is 4444 miles, its diſtance from the ſun 


is 123,000,000 of miles, its hourly motion in its 
orbit is 47,000 mules, and it turns round its axis in 
24 hours 40 minutes. 

Jupiter goes round the ſun in 4332 days 12 hates: - 


its diameter is $1,000 miles, its diſtance from the 
ſun is 424, ooo, ooo of miles, its hourly motion in 


= orbit is 25,000 miles, and it turns round its axis 
n 9 hours 56 minutes. 
This planet has four moons moving round it, at 
different diſtances, Its firſt or neareſt moon goes 
round itin 1 day 18 hours 36 minutes, the ſecond in 


3 days 13 hours 15 minutes, the third in 7 days || | 
3 hours 59 minutes, and the fourth in 16 days 4 


18 hours 30 minutes. 


Saturn goes round the ſun in 10% 59 days 7 hours: 
its diameter is 67,000 miles, its diſtance from the 
ſun is 777,000,000 of miles, and its hourly motion 


in its orbit is 18,000 miles. The time of 1 its rotation 
on its axis is unknown. 9 85 

This planet has five moons, the neareſt of 5 
goes round it in 1 day 21 hours 19 minutes, the 
ſecond in 2 days 17 hours 40 minutes, the third 
in 4 days 12 hours 25 minutes, the fourth in 1 8 


hours 48 minutes. 
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days 22 hours 41 minutes, and ne 2 in 79 days * 


0 
. 

1 

| 


1 


4 


$3 


— ee — —— — — — — . Ms, 9g — 5 o 
SPP A — ww e — - - , 
- * p « PB EA ER m.. "RA => ay nin 
by ry - - * — _ = —— — 2 
4 K Pe us, 3 A 
2 oor Sn 
" 
— 6 A h 1 1 
— 


38 1 ————— A 


| [ 34 ] 
If a body, projected from the ſun, ſhould con- 
tinue to fly at the rate of 480 miles every hour 


(which is about the ſwiftneſs of a cannon-ball) it 


would reach the orbit of Mercury in 7 years 221 


days; of Venus in 14 years 8 days; of the Earth in 


19 years 91 days; of Mars in 29 years 85 days; of 
Jupiter in 100 years 280 days; of Saturn in 184 
years 240 days; and to the neareſt of the ſtars in 
about 8 millions of years. 


The ſun's light diminiſhes in proportion as the 
ſquares of the diſtances from him increaſe.— Mercury 


is ſeven times as much enlightned as the Earth is: 
Venus twice as much; Mars has little more than a 
fourth part of ſo mnch light as the Earth has: 
Jupiter has only a twenty-eighth part, and Saturn a 
ninetieth part. | 

The ſun's diameter is 763,000 miles. If we ſup- 


poſed it to be divided into 10,000 equal parts, Mer- 


cury's diameter will contain 342 of ſuch parts; 
Venus's diameter 103+; the Earth's 1045; the 
Moon's 28=, Mars's 584; Jupiter's 10615, and 
Saturn's 8785. - 

Now, let us ſuppoſe that an Orrery is intended to 
be made, in which the ſun and planets ſhall be re- 


preſented in their proportional magnitudes, and the 


planets placed at their proper diſtances from the ſun, 
in proportion to their magnitudes; as in the hea- 
vens: the ſun's diameter in the Orrery being 12 
inches, „ wa, . 
In this caſe, the diameter of Mercury would be 


12 4 


122 8 parts of on inch; the diameter of Venus 2 


10 30 0 


parts; the diameter of the Earth £5; parts (Which 


is equal to the eighth part) of an inch; the Moon's 
diameter +; parts; Mars's diameter +73 parts of 


an inch; Jupiter's diameter one inch and + parts; 
and Saturn's diameter, excluſive of his ring, one inch 
| and ses parts, NS 


* 
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Then, the true proportional diſtances of theſe 
planets from the ſun would be as follows: Mer- 
cury's diſtance 43 feet 1 inch; Venus's diſtance 

7 feet 2 inches; the Earth's diſtance 10 5 feet 10 
inches; the Moon' s diſtance from the earth 3 in- 
ches; Mars's diſtance from the ſun 161 feet 5 in- 


ches; Jupiter's diſtance 555 feet 9g inches; and Sa- 


turn's diſtance 1018 feet 7 inches, or 339 yards 1 
foot 7 inches. So that the circumference of Saturn's 
orbit would be 2130 Pen: or a mile and almoſt a 
quarter. 

Conſequently, there is no ſuch thing as having 
the ſun and planets in their relative magnitudes, and 


at their proportional diſtances, in an Orrery; even 


though the earth ſhould be no more than the 9 
part of inch in diameter. 


LECTURE X 
On ASTRONOMY. 


HE axis of any planet is a phyſical line, 
round which the planet turns: and the ex- 


tremities of that line are its poles. 

The earth's motion on its axis is the cauſe of day 
and night: for its turning round every 24 hours pro- 
duces the ſame effect, as if the ſun moved round it 


in that time. 


The earth's axis inclines 235 degrees from a per- 
pendicular to the ecliptic, or orbit in which the 


earth moves round the ſun. Therefore, the earth's 
poles can never incline more than 23+ degrees toward 
or from the ſun. 

The obliquity of the earth's axis, and its -onſtant 
paralleliſm during its annual courſe round the ſun, 


are the cauſes of the different ſeaſons, and different JJ 
lengths of days and nights. [| 
I be north pole of the earth's axis 1 more or 
leſs towards the ſun, 7 the vernal exquinox to 
2 the | 
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the autumnal; and more or leſs from the ſun, from 
the autumnal equinox to the vernal.— In the former 


caſe, it is the ſummer half year in the northern he- 


7 miſphere of the earth; in the latter caſe, the winter 


half year: and the contrary in the ſouthern hemiſ⸗ 


S phere of the earth. For, when the north pole in- 


earth from poſe to pole, Atall other times, he ſhines 5 


_clines. toward the ſun, the ſouth pole declines from | 


him, and vice verſa. 
In the northern hemiſphere, the vernal equinox 


(or equal day and night in the ſpring) is on the 20th 
of March; and the autumnal equinox (or equal day 


and night 3 in autumn) is on the 23d of September. 


In the ſouthern hemiſphere the contrary. 

The earth goes round the ſun once a year in the 
plane of the ecliptic: and therefore, as ſeen from 
the earth, the ſun appears to go round the ecliptic 


in the ſame time. For, in whatever place of the 


ecliptic the earth is, at any time, as ſeen from the 


ſun, the ſun, as ſcen from the earth, will ſeem to 


1 be in the oppoſite part of the ecliptic. 


The equator is a great circle, all round the earth; 


'F it divides the earth into two equal parts, called the 
northern and ſouthern hemiſpheres. The north pole 
is the middle point of the northern hemiſphere, the 


ſouth pole the middle point of the fouthern,—The 
equinoctial circle in the heaven i 1s directly over the 


| earth's equator, and divides the heaven into two 


equal parts, called its northern and ſouthern hemi- 
ſpheres. The poles of the heaven are directly over 
the poles of the earth, 
At the equinoxes, the earth's axis inclines neither 
ard the ſun, nor from him: at the ſolſtices 
(which are the middle days of ſummer and winter) it 
inclines 23+ degrees toward or from the ſun, accord- 


ing as It is ſummer or winter in the given hemiſ phere. 


At the equinoxes, the ſun is in the equator: at 
the ſolſtices he is 235 degrees from the equator. | 
When the ſun is in the equator, he enlightens the 


28 
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as many degrees round the pole which is turned to- 
ward bim, as he is diſtant from the equator toward 
that pole. And juſt fo many fs is the * 
ſite pole involved in daræneſs. 

The ſun is on the north ſide of the equator from 
the 20th of March to the 23d of September: and 
on the ſouth fide of the equator from the 23d of 
September to the 20th of March. By theſe two 
propoſitions it is plain, that at the poles there is but 
one day and one night in the whole year. 

The northern tropic is a circle 234 degrees on 
the north ſide of the equator ; the ſouthern tropic 
is a circle 235 degrees on the ſouth fide. Theſe 
are the limits of the ſun's greateſt north and Joni 
declinations. 

The polar circles are 23+ degrees diſtant from 
the poles, all around. When the ſun is in the north- 
ern tropic, the whole ſpace within the north polar 
circle is enlightned, and all within the ſouth polar 
circle is in darkneſs: the contrary, when the ſun is 
in the ſouthern tropic.— All theſe things are N bY 
ſhewn by the Orrery. 

The meridian of any given place is a ſemicirele 
patſing through that place, cutting the equator at 
right angles, and terminating in the polés. 

The earth's circumference is 360 degrees; and as 
the earth turns round its axis from the ſun to 
the ſun again, in 24 hours, each meridian revolves 
15 degrees in an hour; for 24 times 15 is 360. 

Every place, whoſe meridian is eaſtward 1 3. 30; 

45, 60, or 75 degrees (and ſo on, increaſing by 15) 
from the meridian of any given place, has noon, 
and every other hour, one, two, three, four, or five 
hours (and fo on in proportion) ſooner than the like 
hour is at the given Place : if weſtward, ſo much 
later. LD 
Ihe longitude of any place i is the number of degrees 

intercepted between its meridian and the meridian 
of 2 given pact from which the longitude is rec- |} 
koned: | 
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koned: and is eaſt or weſt, according as that place 
is eaſt or welt from the meridian of the given place. 


The eclipſes of Jupiter's ſatellites afford a method 
of finding the longitude, according to the obſerved 
times of their happening, as ſeen from different 
places of the earth. — Thus, ſuppoſing an eclipſe of 


any ſatellite to happen at ſix in the morning at 
London; and that it was ſeen at another place at 


four in the morning; the difference of time is two 
hours, which anſwers to 30 degrees. Conſequently, 
the meridian of the place where the eclipſe was ſeen 
at four in the morning is 30 degrees weſt from the 
meridian of London, where the ſame eclipſe was 


ſeen at ſix in the morning. 
The ſame eclipſes ſhew, that the motion of light 


is not inſtantaneous, but that it takes about 16 mi- 
nutes to travel through a ſpace equal to the diame- 
ter of the earth's orbit. For, when Jupiter 1s nearly 
in conjunction with the ſun (that is when the ſun 
is between the earth and Jupiter) theſe eclipſes hap- 


pen 16 minutes later than when Jupiter is in oppo- 


ſition to the ſun, which is, when the earth is be- 


| tween the ſun and Jupiter. In the latter caſe, the 


earth is nearer to Jupiter by the whole diameter 
of its orbit (which is 102 millions of miles) than in 
the former. Therefore, as the ſun is nearly in the 
center of the earth's orbit, and his mean diſtance 
from the earth is 81 millions of miles; and ſince 


light moves through a ſpace equal to the whole 


diameter of the earth's orbit in 16 minutes, 1t moves 


from the ſun to the earth in eight minutes; which 
is almoſt as far as a cannon-ball would go in 20 


years.— Hence it appears, that light moves at the 


rate of 592,180,000 miles in an hour; 9,869,666 _ 
miles in a minute; and 194,494 miles in a ſecond; 


which is 10,210 times as faſt as the earth moves in 
its annual orbit, 
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LECTURE XI. 
On ASTRONOMY. 
HE moon turns round her axis in the ſame 


time that ſhe goes round the earth in her 


orbit, and therefore, ſhe always keeps the ſame fide 
towards the earth. 

Her periodical revolution, or time of going round 
from any point of her orbit to the ſame point again, 
is 27 days, 7 hours 43 minutes. 

Her ſynodical revolution, or time from change to 
change, is 29 days 12 bours 44 minutes; which is 
the length of her day and night taken together: for, 
as ſeen from the ſun, ſhe turns only once round ber 
axis in that time. 

If the earth had no progreſſive (or 88 motion 
round the ſun, the ſame point of the moon's orbit 


would always keep between the earth and the ſun: 


and then there would be no difference between her 
periodical and ſynodical revolution; for ſhe would 
always change in the ſame point of her orbit. 

But, as the earth is in motion round the ſun, and 
the ſigns of the moon's orbit always keep parallel 
to the like ſigns of the fixt ecliptic; a different part 
of the moon's orbit will be every day between the 
earth and the ſun from that which was ſo on the 
day before: and, therefore, the moon muſt move as 
many degrees more than round her orbit, between 
any change and the next following, as the earth has 
advanced | in the ecliptic during that time; which is 

29 75 degrees. 

As the moon goes quite round her or orbit i in 27 
days 7 hours 43 minutes, and the earth goes round 
the ſun but once a year, the earth's axis has all the 
different poſitions to the moon in the time ſhe }} 
goes round her orbit, that it has to the fun in 8 
ear. ol 
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[ 40 ] 
The moon ſhines only by reflecting the ſun's light; 
for if ſhe was a luminous body, ſhe would always 
appear round, as the ſun does. 
A luminous body can enlighten only one half of 
a dark globe at once: therefore, at any given 
moment, the ſun can enlighten only one half of 


the moon. 
When the moon is betten the darth and the ſun, 


ſhe diſappears, becauſe her unenlightned ſide is then 
toward the earth. When ſhe is oppoſite to the ſun, 


ſhe appears full, becauſe her illuminated ſide is then 
towards the earth. When the is go degrees, or a 
uarter of a circle, diſtant from the fun, the appears 


half full ; becauſe only one halt of her enlightned de 


then toward the earth. 
The earth and moon are mutually moons to each 


other: but the earth gives 13 times as much 


light to the moon, as the moon gives to the earth; 
for 'the earth's ſurface is 13 times as big as the 


- moon's. 


In conſiderable latitudes, the different parts of 


the ecliptic riſe at very different angles with the 


horizon,—In northern latitudes, the ſigns piſces and 


artes riſe with the ſmalleſt angles, w!rgo and libra 


with the greateſt, Therefore, 
When the moon is in piſces and aries, ſhe riſes 


nearly at the ſame hour for fix or ſeven days to- 
gether : but when ſhe is in virgo and Jibra, ſhe riſes 


ſo much later every day, as to differ eight hours in 


ſix or ſeven days. 
In our winter, the moon is in Piſces and aries 


about the time of her firſt quarter, and riſes about 


noon: but her riſing is not then taken notice of, 


becauſe the ſun is above the horizon. 
In ſpring, the moon is in piſces and aries about the 


time of her change; and as ſhe then gives no light, 
her riſing cannot be perceived. 


1 4 ] 


In ſummer, the moon is in piſces and aries about 


her third quarter; and then, as ſhe riſes not till 


about midnight, her rifing paſſes unobſerved, eſpe- 
cially, as ſhe is ſo much on the decreaſe. 

In autumn, piſces and aries are oppoſite to the 
ſun; and theretore, the moon is then full in them, 


and riſes immediately after ſun-ſet for ſeveral even- 


ings together; which makes her riſing very conſpi- 


cuous, as it is ſo beneficial to the farmers, in afford- 


ing them an immediate ſupply of light after the go- 
ing down of the — for reaping the fruits of the 
earth, 


LECTURE Tit. if 
On ASTRONOMY. 


= the planets and ſatellites are enlightened 
y the a and caſt ſhadows toward that 


Part of * beaven which is oppoſite to the ſun as 


ſeen from them. 


If the ſun and earth were equally big, the Earth- 3 


ſhadow would be infinitely extended; and always 
of the ſame bulk, and would do more than cover 
the planet Mars when oppoſite to the ſun, becauſe 
Mars is much leſs than the earth, 

If the earth were bigger than the ſun (and to us 


it ſeems to be the biggelt body in the univerſe) its | 


ſhadow would ſtill be the bigger the farther it ex- 


tended ; and would even cover Jupiter and all his 


' moons, when Jupiter is oppoſite to the ſun. 


If the ſun be bigger than the earth, the ſhadow 


will be of a conical figure; and end in a point at a 


| certain diſtance from the earth. 
But the earth's ſhadow never DR Mars, 4 


though that planet, when oppoſite to the ſun, - 
not above 42 millions of miles from the 3 


which demonſtrates, that the ſun is much bigger 


than the earth, 
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light from the ſun, 
never eclipſed by the moon; any more than by the 


our fight, 
hides the ſun, or any part of him, from our fight, 


ay de Juſtly called the plane of that circle. 


[ 42 J 
The moon is eclipſed, when ſhe falls into the 
earth's ſhadow, Therefore, ſhe can never be 
eclipſed but at the time of her full; becauſe, that 
is the only time of her being oppoſite to the ſun. 
If ſhe were a luminous body, ſhe could not be 
darkened by the earth's ſhadow. For, a candle 
will ſuffer no diminution of its light, by being placed 
in the ſhadow of a board, or globe, enlightened on 
the oppoſite fide by another candle. 
| The ſun is ſaid to be eclipſed, when the moon 
paſſes directly between him and any part of the 


earth; which can only be at the time of new 


moon. But, although the moon may then hide 
the ſun from part of the earth, and that part muſt 
be darkened, becauſe the moon's ſhadow. covers it; 

yet, as ſhe does not take ſo much as a ſingle ray of 
the ſun, ſtrictly ſpeaking, is 


convexity of the earth, when it hides him from 
Notwithſtanding, when the moon 


we fay, the ſun is eclipſed, 

If the moon's orbit lay in the * plane of the 
ecliptic (in which the earth always moves) the ſun 
would be eclipſed at the time of every new moon ; 
me the moon would be eclipſed at the time of every 

all 

But one half of the moon's orbit is on the north 
fide of the plane of the ecliptic, and the other half 
on the ſouth ſide of it, Therefore, the moon's _ 
orbit cuts the plane of the ecliptic only 1 in two oppo- 


fite points, which are called e moon's nodes. The 


angle of the moon's orbit with the ecliptic 1 is 5 de- 
Beete 18 minutes. 


* 1 fa circle be drawn on a piece of ſmooth flat paper, the Paper 


tal 


When the moon is any thing more than 12 de- 
grees from either of her nodes at the time of being 
full, ſhe paſſeth clear of the earth's ſhadow; and 
therefore ſhe cannot be eclipſed at that time. But 
when ſhe is within 12 degrees of either node at 
full, ſhe is eclipſed; and if ſhe be in either of the 
nodes, the eclipſe will be central. 

When the moon is any thing more chan 18 de- 
grees from either of the nodes at the time af 
change, ſhe either paſſes above or below the ſun; 
and therefore the ſun cannot be eclipſed at that 
time, But when ſhe is within 18 degrees of the 
node at the time of change, ſhe eclipſeth the ſun 
to ſome part of the earth. And if ſhe be in the 
node, the eclipſe will be central to that point of the 
earth's ſurface which is in a right line between the 


ſuns center and the earth's. 


If the moon's nodes kept always in the Ge 
 figns of the ecliptic; in whatever ſigns the ſun and 
moon were eclipſed in any given year, they would 
be ſo in every year after. — But the eclipſes fall 


back every year, from the conſequent towards the 
_ antecedent ſigns, in ſuch a manner as to prove. that 


the moon's nodes move backward 191 degrees 
every year: and therefore, in 18 years 225 days, 


they move backward through all the gay and de- 
grees of the ecliptic. | 


From the time of the ſun's being i in conjunction 
with either of the moon's nodes, to the time of his 
being in conjunction with the other, is 173 days. 


If the nodes had no motion, the interval between 


| 
_ theſe conjunctions would be 1825 nne or half a | 1 
'| 
| 


year. 


In 18 years I1 days 7 his 43 minutes, there is 
a conjunction of both ſun and moon with the ſame | 


or reſtitution of the lame eclipſes. 
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node. And therefore, in that time, there is a period 1 
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The (darkneſs at our S AVIO URC crucifixion 
could not poſſibly be occaſioned by a natural or 
regular eclipſe of the ſun; for it was at the time of 
the paſſover, which was always kept at the time of 
Ne was crucified on the day next before the Jew- 
ifi ſabbath, which being kept on our Saturday, 

the Crucifixion was on Friday. So that the paſſover 
full moon in that year was on a Friday. f 
But it appears by calculation, that there was 
only one paſſover full moon on a Friday from the 
| oth to the 40th year of our Saviour; and hat 
particular full moon was on the third day of April, 
in the 33d year of his age, accounted from the 
vulgar æra of his birtn. | = 
 - The 433d year of Chriſt was the 4746th year of 


| 


the Julian period, and the fourth year of the 402d 
 1:Phlegon; a heathen writer, tell us, that in the 
fourth year of the 402d Olympiad, there was the 
| greateſt eclipſe of the ſun that ever was known; 
and that it was night at the fixth hour of the day.“ 
Þ | - : Prolemy's'canon fixes the year, in which the com- 
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mandment was given to Ezra by Artaxerxes Longi- 
W | manus, to reſtore thei ſtate of the Jews, to the year 
of the Julian Periad;4256:. and according to Da- 
_ nieÞs prophecies, the death of CHRIS T was to 
be at the end of 70 annual; 68550 or 490 years, 


after that time 9 

And 490 years being added to 4256, makes 4746 ; 

die above year of the Julian period, which we prove 

aſtronomically to have been the: prophetic year of 

our Saviour's death; concerning which, we have 
f 


4 


- 


the teſtimony of a heathen: writer, who, being not 
an aſtronomer, miſtook a ſupernatural darkneſs 
bor an eclipſe of the ſunun n 


'Þ F. 
7 N 0 0 
1 7 bs 9 ; : 7 : 
J 2 6 8 * Aa % Vv 7 2 wh." it £ F 4 . — 0 a 8 4 
* f . ? 
25 * * $7 * 2 F N 8 * 
2 * e f „ 
* ; x 4 1 


3 * 


* "2963 FEW — a<, De * —— 


eee 


